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1 Plasma nicotine levels produced by chewing nicotine gum were compared with those obtained by 
cigarette smoking under conditions of controlled urinary pH. 

2 Although absorption was slower, plasma levels comparable to cigarette smoking were built up on 
4 mg (but not 2 mg) nicotine gum. 

3 Urinary excretion of nicotine was influenced markedly by pH and the rate of urine flow, 

4 Plasma nicotine was higher under alkaline compared to acidic conditions (P< 0.001) but the rate 
of urinary nicotine excretion appeared to have little effect on the plasma level. 
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Introduction 


Since the urge to smoke may be related to a need for 
nicotine, alternative methods of administering the 
drug, either in aerosols or chewing-gum, have been 
proposed (Ferno, Lichtneckert & Lundgren, 1973; 
I Herxheimer, Griffiths, Hamilton & Wakefield, 1967). 
( During an investigation of the plasma concentrations 
produced by nicotine chewing-gum (Russell, 
Feyerabend & Cole, 1976) urinary pH was controlled 
in order to standardise the rate of urinary nicotine 
excretion, since this has been shown to be pH 
dependent (Beckett, Rowland & Triggs, 1965; Beckett 
j' & Triggs, 1966; Haag & Larson, 1942). We also 
measured the urinary excretion of nicotine and found 
I that besides being pH dependent it was, under 
j acidic conditions, proportional to urine flow. This is 
contrary to previous reports (Beckett, Gorrod & 
Jenner, 1971a; Beckett, Gorrod & Jenner, 1971b; 

| Beckett, Gorrod & Jenner, 1972), 


1 Methods 

Chewing-gum containing either 2 or 4 mg of nicotine, 
buffered at an alkaline pH, was supplied by A.B. Leo, 
Helsingborg, Sweden (Ferno et al„ 1973). The test 
. cigarette was a brand with a nicotine yield of 1,3 mg. 
| A single volunteer was used. He was a healthy male 

( smoker, aged 38 years, who regularly smoked just 
over 20 cigarettes per day and inhaled deeply. Before 
each day’s experiment he refrained from smoking for 
a* least 12 h. The urine was acidified by administering 
2 g doses of ammonium chloride in gelatine capsules 


at 23.00 h on the day before and 07.00, 10.00 and 
15.00 h on the day of an experiment. The same dosage 
of sodium bicarbonate in gelatine capsules was used to 
maintain the urine alkaline. Fluid intake was not 
controlled. During each experiment the subject was 
ambulant, took fluids as usual, and had lunch between 
13 h 30 min and 13 h 50 min. 

Plasma and urine nicotine levels were studied on six 
separate days when the subject was either smoking or 
taking 2 mg or 4 mg nicotine chewing-gum, each 
under both acidic and alkaline control of urinary pH. 
On smoking days, one cigarette was smoked to about 
3 mm from the tip over 5 min once an hour for S h. 
When taking nicotine chewing-gum, one piece was 
chewed for 30 min every hour for 8 h. The dose of 
nicotine administered over 8h was 10.4, 16-0 and 
34-0 mg respectively for the cigarettes, 2 mg and 4 mg 
gum. About 91% of the nicotine in the gum is released 
during 30 min chewing (Ferno et ah, 1973) and mqre 
than 90% of nicotine in mainstream smoke is retained 
after inhalation (Armitage, Dollery, George, 
Houseman, Lewis & Turner, 1975). The bladder was 
emptied at 07.00 h. Urine samples were then collected 
every hour just before a cigarette or gum was taken, 
starting at 09.00 h. The volume and pH of the urine 
were measured immediately and aliquots stored at 
—20°C. 

Blood samples (5 ml) were obtained from a forearm 
vein via an indwelling cannula. The plasma was 
separated within 3 h and stored at — 20°C. Blood was 
taken hourly just before starting each cigarette or gum 
on six different experimental days. This frequency of 
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Figure 1 Plasma nicotine levels under conditions of 
controlled acidic urinary pH when (•) smoking one 
cigarette and !■) chewing one 4 mg nicotine gum 
every hour for 7 h. 


sampling did not allow comparison of peak plasma 
levels. On two further days, to compare the rates of 
absorption of nicotine from cigarettes and the 4 mg 
gum, more frequent samples were taken at 7, 15, 30 
and 60 min after starting each hourly gum or cigarette 
(Figure I). 

Nicotine in plasma and urine was analysed by gas- 
liquid chromatography (Feyerabend, Levitt & Russell, 
1975). 


Results 

Nicotine absorption was much slower from the 
chewing-gum than from cigarette smoking, 15-30 min 
being required to reach peak values compared with 
less than 2 min after a cigarette (Figure 1). The 
average ±s.d. increase in plasma nicotine after each 
piece of gum (4 mg nicotine) was only 11.9 + 2.4 ng 
ml -1 compared with 27.8 +4.6 ng ml -1 after each 
cigarette (1.3 mg nicotine). 

Plasma nicotine concentrations similar to those 
from smoking were built up on the 4 mg gum, but on 
2 mg gum they were lower. Taking the areas under the 
curves in Figure 2, with those produced by smoking as 
representing L00%, the plasma nicotine concentration 
from the chewing-gum was 60% and 114 % for the 
2 mg and 4 mg gum respectively under acidic 
conditions; 77% and 118% when the urine was 
alkaline. When the peak levels are included (Figure 1) 
the area under the curve for the 4 mg gum is 91% of 
that produced by cigarettes. The subject reported no 
desire to smoke while on the 4 mg gum but was not 
satisfied by the 2 mg gum. 

Plasma nicotine concentrations were slightly higher 
under conditions of alkaline compared with acidic 
urine (Figure 2). From the areas under the curves in 
Figure 2, the increases in plasma nicotine which 



Figure 2 Plasma nicotine levels immediately before 
(a! smoking one cigarette, (b) chewing a 4 mg and (c) 
2 mg nicotine gum every hour for 8 h. O acidic 
controlled urinary pH 14.7-5.3); • alkaline controlled 
urinary pH (7.4—8.0). The differences between acidic 
and alkaline conditions when smoking cigarettes and 
taking 2 mg nicotine gum are highly significant (f = 
6.1 and 7.1 respectively, d.f. 8, P < O.OO) but only 
just significant on a one-tailed test when taking 4 mg 
nicotine gum (f = 2.1, d.f. 8, P < 0.05). 


occurred with the alkaline versus acidic urine 
condition were 66%, 35% and 30% respectively for 
the 2 mg gum, 4 mg gnm and cigarettes. 

The effect of urine pH on nicotine excretion is 
shown in Figure 3. Under acidic control 18 to 30 times 
more nicotine appeared in the urine than under 
alkaline conditions. Total nicotine excretion over 8 h 
was 1,024, 1,072 and 1,308 pg for the 2 mg, 4 mg 
gums and cigarette smoking respectively under acidic 
conditions; compared to 33.7, 59.2 and 43.6 pg under 
alkaline conditions. 

The urinary nicotine excretion, under conditions of 
controlled acidity, was related to urine flow and was 
higher at midday (between 11 and 13 h) when urine 
flow was maximal (Figure 4). 
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Figure 3 Urinary excretion > 
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Discussion 

The data suggest that accumulation of nicotine occurs 
in plasma when taking nicotine containing chewing- 
| gum. Although absorption was slower, plasma levels 


comparable to cigarette smoking were built up on 
4 mg (but not 2 mg) nicotine gum. With hourly 
nicotine dosage, plasma concentrations produced by 
4 mg nicotine by gum were 91% of those produced by 
1.3 mg nicotine via deeply inhaled cigarette smoke. It 
is not known how much the pharmacological rewards 
of inhaled cigarette smoking are due to some effect of 
the rapid plasma nicotine peaks or to the maintenance 
of a certain trough level. This probably depends on the 
type of smoker. The data from this study suggest that 
nicotine chewing-gum is more suited to trough 
maintenance or to providing whatever 
pharmacological effects are produced by the slower 
buccal absorption of nicotine as in the case of non- 
inhaled cigar smoking. The rate of nicotine absorption 
from the gum is limited partly by the rate of buccal 
absorption but also by the rate of it release from the 
gum;- 18%, 36%, 61% and 91% respectively after 2, 
5, 10 and 20 min chewing (Ferno et al., 1973). 

The urinary excretion of nicotine was influenced 
markedly by pH and the rate of urine flow. The 
influence of urinary pH is in keeping with previous 
studies (Beckett et al. 1965; Beckett & Triggs, 1966; 
Haag & Larson, 1942). However, the very clear 
relation of the rate of urinary nicotine excretion to 
urinary flow, under acidic conditions, is not generally 
accepted and is in fact contrary to the conclusions of 
Beckett and his colleagues (1971a, 1971b, 1972). In 
his earlier work Beckett also found that the amount of 
nicotine excreted in urine was influenced by the rate of 
urine flow (Beckett & Triggs, 1966). However, in 
subsequent publications (Beckett et al., 1971a, 1971b, 
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Figure 4 Relation of urinary nicotine excretion to urine flow rate under conditions of controlled acidic urinary 
pH when (a) chewing 2 mg nicotine gum, (b) smoking one cigarette and (cl chewing 4 mg nicotine gum every 
hour for 8 h. 
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1972 ) he and his colleagues came to different 
conclusions reporting, for example, that ‘when the 
urine is adjusted to an acid pH the excretion of 
cotinine but not of nicotine is affected by changes in 
urine output’ (Beckett et a!., 1971b). In another report, 
they mentioned ‘the volume dependent excretion of 
cotinine but not nicotine’ (Beckett et a!., 1972). A 
possible reason for this apparent discrepancy may be 
that the experiments in which they failed to find a 
urine-flow effect involved a single relatively small dose 
of nicotine given to subjects who had not smoked for 
as long as 36 h. Under these conditions, apart from 
the first hour, the nicotine excretion rate was usually 
below 1.0 jig/min. It is possible that at such low levels 
their measurement of nicotine may have been in¬ 
sufficiently sensitive to detect the influence of urine 
flow rate superimposed on the decline curve following 
a single small dose of nicotine in nicotine-depleted 
subjects. 

Despite the fairly large (18—30 fold) variation in 
urinary nicotine excretion produced by changes in pH 
and urine flow, the effect on plasma nicotine con¬ 
centrations was relatively small. Indeed the plasma 
levels did not seem to be noticeably affected (Figure 2) 
when the urine flow and nicotine excretion rate were 
maximal at 2 to 4 h after the start of each experiment 
(Figures 3 & 4). On the other hand, plasma con¬ 
centrations were 30%-66% higher under conditions 
of alkaline compared with acidic urine. The fact that 
plasma nicotine levels were affected by the pH but not 
by the rate of urine flow suggests that the effect of pH 
on the plasma levels may have been mediated less by 
the influence on urinary nicotine excretion rate than 
by some other mechanism such as an influence on 
nicotine absorption or one of the nicotine recycling 
processes (Russell, 1976). The effect of pH on plasma 
nicotine concentrations helps to explain the findings of 
Schachter, Kozlowski & Silverstein (1977) who 
showed that cigarette smokers could be made to 
modify their cigarette consumption by manipulating 
their urinary pH. 

Compared with the doses of nicotine administered 
over the 8h experimental periods (10.4, 16-0 and 
32 mg respectively for cigarettes, 2 mg and 4 mg gum) 
the amounts excreted in the urine were trivial even 
under acidic conditions (1.3, 1.0 and 1.1 mg, or 
12.5%, 6.3% and 3.4% respectively for cigarettes, 
2 mg and 4 mg gum). This may explain why major 
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